f Chlorhexidine and mupirocin are used in health care facilities to eradicate methicillin-resistant Staphylococcus aureus (MRSA) carriage. The objective of this study was to assess the frequency of chlorhexidine and mupirocin resistance in isolates from nares carriers in multiple nursing homes and to examine characteristics associated with resistance. Nasal swab samples were collected from approximately 100 new admissions and 100 current residents in 26 nursing homes in Orange County, CA, from October 2008 to May 2011. MRSA isolates were tested for susceptibility by using broth microdilution, disk diffusion, and Etest; for genetic relatedness using pulsed-field gel electrophoresis; and for qac gene carriage by PCR. Characteristics of the nursing homes and their residents were collected from the Medicare Minimum Data Set and Long-Term Care Focus. A total of 829 MRSA isolates were obtained from swabbing 3,806 residents in 26 nursing homes. All isolates had a chlorhexidine MIC of <4 g/ml. Five (0.6%) isolates harbored the qacA and/or qacB gene loci. Mupirocin resistance was identified in 101 (12%) isolates, with 78 (9%) isolates exhibiting high-level mupirocin resistance (HLMR). HLMR rates per facility ranged from 0 to 31%. None of the isolates with HLMR displayed qacA or qacB, while two isolates carried qacA and exhibited low-level mupirocin resistance. Detection of HLMR was associated with having a multidrug-resistant MRSA isolate (odds ratio [OR], 2.69; P ‫؍‬ 0.004), a history of MRSA (OR, 2.34; P < 0.001), and dependency in activities of daily living (OR, 1.25; P ‫؍‬ 0.004). In some facilities, HLMR was found in nearly one-third of MRSA isolates. These findings may have implications for the increasingly widespread practice of MRSA decolonization using intranasal mupirocin.
M
ethicillin-resistant Staphylococcus aureus (MRSA) prevalence in nursing homes often exceeds that in acute care settings, including intensive care units (2) (3) (4) 39) . The MRSA burden may be high because nursing home residents have multiple comorbidities, chronic wounds, frequent exposure to antibiotics, and require health care worker contact to perform activities of daily living (ADL) (2, 5, 6) . Moreover, opportunities for MRSA transmission may be enhanced in nursing homes, where residents are encouraged to interact during social activities and group dining (6) .
Some nursing homes and other health care facilities use antimicrobials and/or antiseptics to suppress MRSA carriage among patients in order to prevent health care-associated infections. Chlorhexidine has become a mainstay of health care-associated infection prevention, as it is used in oral care, patient bathing, skin antisepsis prior to line placement and surgical procedures, and as a component of some antimicrobial-impregnated catheters and dressings (7) (8) (9) (10) (11) (12) (13) . Mupirocin is commonly used as a topical antibiotic for skin infections and is sometimes given to patients to eliminate MRSA nasal carriage (14) .
As with any antimicrobial or antiseptic agent, increased use raises concerns about emerging resistance (15) . The presence of the qac gene was associated with higher chlorhexidine MICs and with unsuccessful decolonization during an intensive care unitbased topical chlorhexidine intervention (16, 17) . There are also recent data suggesting that failure of MRSA decolonization is more likely when qacA and/or qacB is present in conjunction with low-level mupirocin resistance (LLMR) (18) . High-level mupirocin resistance (HLMR) is emerging in various hospitals around the world (19) (20) (21) (22) . In addition to mupA, mupB has been identified recently in isolates with HLMR (14, 23) .
There is limited information regarding the prevalence of colonization with chlorhexidine-and mupirocin-resistant MRSA among residents of nursing homes. The objective of our study was to assess overall and facility-specific chlorhexidine and mupirocin resistance among a representative collection of MRSA isolates from colonized residents in nursing homes located in a large metropolitan county (Orange County, CA, with a population of 3.1 million) and to assess patient and isolate characteristics associated with high-level mupirocin-resistant MRSA carriage. This study will aid in understanding the scope of chlorhexidine and mupirocin resistance in nursing homes, which may impact treatment and decolonization practices used for nursing home residents.
(Presented in part at the 21st Annual Scientific Meeting of the Society for Healthcare Epidemiology of America, Dallas, TX, 1 to 4 April 2011.)
MATERIALS AND METHODS
Screening nursing home residents for MRSA. As described previously, we measured MRSA carriage among residents in a convenience sample of 26 of the 72 nursing homes in Orange County, CA, from October 2008 to May 2011 (4) . In each nursing home, a point prevalence screen was performed of the bilateral nares of 100 residents. Nasal samples were collected during 1 visit or over 2 to 3 visits if the nursing home had Ͻ100 beds. In addition, we performed an admission prevalence screening of up to 100 consecutive residents within 3 days of admission. For nursing homes with low bed turnover, a lesser number of 30 to 50 residents were screened, and for nursing homes with an average length of stay in years, admission screening was not performed. Bilateral nares swabs (BBL Culture Swabs, Sparks, MD) were transported to a central microbiology laboratory and plated within 12 h. Samples were cultured onto 5% sheep blood agar (BBL) and selective and differential chromogenic media for MRSA (Spectra MRSA; Remel, Lenexa, KS). The Institutional Review Board of the University of California Regents approved this study.
Antimicrobial susceptibility testing. Antimicrobial susceptibility testing was performed to examine the resistance profiles of the isolates. All MRSA isolates were tested for antimicrobial susceptibility by the broth dilution method described by the Clinical and Laboratory Standards Institute (CLSI) (24) . Isolates were tested for susceptibility to oxacillin, tetracycline, erythromycin, clindamycin, trimethoprim-sulfamethoxazole, quinupristin-dalfopristin, gentamicin, levofloxacin, linezolid, daptomycin, vancomycin, and rifampin. There is no CLSI method for testing of chlorhexidine, but this was done using the standard broth dilution approach described by CLSI, using a complete inhibition endpoint at 18 to 24 h of incubation (24) . Chlorhexidine digluconate 20% aqueous solution (Sigma-Aldrich, St. Louis, MO) was used as the starting material for broth dilution testing. The S. aureus isolate ATCC 29213 was used for quality control. Mupirocin resistance (low and high level) was detected using disk diffusion and Etest methods (14, 25) . Disks with 5 g or 200 g of mupirocin were placed on Mueller-Hinton agar plates with a 0.5 McFarland inoculum. Isolates with a zone of Յ13 mm around the 5-g disk were also tested using 200 g of mupirocin. Mupirocin resistance was defined as a zone of Յ13 mm when using the 5-g disk (25) . Among mupirocinresistant isolates, HLMR was defined as a zone of Յ6 mm with the 200-g disk, and LLMR was defined as a zone of Ն7 mm using the 200-g disk (25) . Additionally, correlations of resistance between various antibiotic classes were examined using Pearson's coefficient. qac PCR. Testing for the presence of the qacA and/or qacB gene was performed to examine the correlation between the genes and the chlorhexidine MICs. For all isolates, single primer pair sequences were used to detect qacA and qacB. For isolates found to harbor qacA and/or qacB, real-time PCR was performed to further discriminate between qacA and qacB, as previously described (26) .
Pulsed-field gel electrophoresis. Pulsed-field gel electrophoresis (PFGE) was performed on the high-level mupirocin-resistant isolates according to previously published methods by using a CHEF-DR II unit (Bio-Rad Laboratories, Hercules, CA) (27) . Chromosomal DNA was digested using the restriction enzyme SmaI (Sigma-Aldrich, St. Louis, MO). Gels were stained with ethidium bromide, and banding patterns were analyzed using Bionumerics software (Applied Maths, Kortrijk, Belgium). PFGE types were defined using a similarity coefficient of 0.75. The isolates were compared to CDC type strains USA100 to USA1200.
Nursing home variables. Nursing home characteristics were obtained for the year 2009, the midpoint of swab collection from the Minimum Data Set (MDS), version 2.0 (28). The MDS is collected by nursing homes and transmitted to the Center for Medicare and Medicaid Services; it is an individual resident-level data set with assessments of physical, psychological, and psycho-social functioning for all residents of Medicare-and Medicaid-licensed nursing homes in the United States. Select characteristics were also obtained from Long-Term Care FocUS, a website created by the Brown University Center for Gerontology and Healthcare Research and supported by the National Institute on Aging (29) . These characteristics included nursing home specific staffing levels, average resource utilization group (RUG) scores, and average ADL scores for 2007, the most recent data year available. RUG is a facility-level score that reflects the average level of care required by residents, based upon residents' comorbidities, ability to perform activities of daily living, and their required amount of physical and occupational therapy. Nursing home characteristics were grouped into several domains: demographics, comorbidities, measures of resident functional status (ADL and RUG scores), facility information (such as length of stay), and partner hospital characteristics. Partner hospitals were defined as the hospital that transferred the most patients to the given nursing home, based upon previously performed Orange County health care facility surveys in 2007 and 2008 (1) . Partner hospital characteristics were also obtained from these surveys and included whether the hospital routinely decolonized MRSA-positive patients and whether mupirocin was used for decolonization (1) . In addition, per swabbed resident, we recorded the nursing home's day of swab collection, whether the resident shared a room, and whether there was a known history of MRSA. History of MRSA was obtained by chart review from the resident's records at the nursing home, which also contained patient information from the transferring hospital.
Bivariate and multivariate analyses. We tested the association of facility, resident, and isolate-level characteristics with individual carriage of MRSA with HLMR by using generalized estimating equation models that were clustered by nursing home. We compared residents that were colonized with MRSA that exhibited HLMR with residents that were not colonized with a high-level mupirocin-resistant MRSA strain. Variables with P values of Ͻ0.1 from bivariate testing were included in the multivariate model and were retained at an ␣ of 0.05. Facility-level variables included MRSA point prevalence, annual admissions, average RUG score, average ADL score, average length of stay, and the percentages of residents with diabetes, skin lesions (e.g., pressure ulcers, significant rashes), or indwelling devices (e.g., ventilator, dialysis). Individual-level variables included whether the resident had a history of MRSA (infection or colonization), lived in a shared room, and whether the isolate was multidrug resistant (30) . A multidrug-resistant isolate was defined using the criterion of Cadilla et al., which is an isolate resistant to Ն3 classes of non-␤-lactam antimicrobials (30) . Partner hospital variables included the percentage of physicians who routinely decolonized patients with multidrug-resistant organisms, the percentage of MRSA-positive patients who were routinely decolonized, and whether the hospital used mupirocin to decolonize MRSA-positive patients. All facility variables were continuous, except for RUG scores, which was dichotomized into high versus low groups based upon the median value. We excluded four nursing homes from the bivariate and multivariate analyses; these facilities were devoted to psychiatric care and reflected a substantially different patient population (younger, fewer exposures to health care, and fewer comorbidities).
RESULTS
Nasal samples were collected from 3,806 residents in 26 nursing homes. The facilities varied in size, with a range of 24 to 255 beds (Table 1) . Facilities had a median of 262 admissions per year (range, 18 to 1,526) and a median length of stay of 101 days (range, 17 to 753). The majority of the residents were admitted from an acute care hospital (median, 82%; range, 15 to 98%), and the percentage of residents previously known to harbor MRSA varied by facility (range, 0 to 69%). Also, colonization with a multidrugresistant MRSA isolate varied extensively between residents of nursing homes, with rates of 0 to 100%.
There were 829 MRSA isolates collected from the nares of residents in 25 of the 26 nursing homes; 1 nursing home had no MRSA carriers. Each isolate was from a unique patient. The number of MRSA isolates collected from residents at a single nursing home ranged from 1 to 81, with a median of 34 isolates. Of the 829 isolates tested, all had chlorhexidine MICs that were Յ4 g/ml (range, 0.5 to 4 g/ml; MIC 50 and MIC 90 , 2 and 4 g/ml, respectively) (Fig. 1 ). Only 5 (0.6%) isolates were found to harbor the qacA and/or qacB gene loci, and all five isolates carried qacA. Four isolates with the qacA gene had a chlorhexidine MIC of 4 g/ml while one isolate had a MIC of 2 g/ml. The five isolates were also resistant to clindamycin, erythromycin, levofloxacin, tetracycline, trimethoprim-sulfamethoxazole, and gentamicin. The five isolates were collected from residents of three nursing homes.
The majority of the MRSA isolates were resistant to clindamycin (55%), erythromycin (90%), and levofloxacin (98%) ( Table 2 ). A few isolates were resistant to tetracycline (4%), trimethoprim-sulfamethoxazole (2%), gentamicin (12%), quinupristin-dalfopristin (Ͻ1%), linezolid (Ͻ1%), and rifampin (1%). All the isolates were susceptible to vancomycin and daptomycin. When examining correlations between antibiotics, clindamycin and erythromycin resistance were moderately correlated (0.43), as were gentamicin and HLMR (0.44) and tetracycline and trimethoprim-sulfamethoxazole (0.53).
Mupirocin resistance, at either a high or low level, was observed in 101 isolates (12%). Resistance rates among nursing homes varied from 0% to 40% (Fig. 2) . The facility with a 40% resistance rate had only 10 MRSA isolates collected; nevertheless, resistance rates greater than 20% were observed in six facilities (24%). In contrast, mupirocin resistance was not identified in 10 
FIG 2 MRSA resistant to mupirocin (HLMR, LLMR, and all resistant [MR])
at each of 25 nursing homes in Orange County.
nursing homes (38%). LLMR was identified in 23 isolates, with 11 (42%) facilities having at least one resident colonized with a lowlevel mupirocin-resistant isolate. HLMR was observed in 78 (9%) isolates, with HLMR rates varying considerably by facility, ranging from 0 to 31%. Fifteen of 25 (60%) nursing homes had at least one resident who carried a high-level mupirocin-resistant isolate, and 5 (20%) nursing homes had HLMR levels exceeding 20% of all MRSA isolates from the corresponding facility. There were no MRSA isolates that exhibited both HLMR and harbored the qacA gene. However, two isolates from the same nursing home harbored the qacA gene and exhibited LLMR. The 78 isolates with HLMR could be grouped into four PFGE types, and these types included 31 subtypes (Table 3 ). The majority of the isolates (60%) were closely related to USA100. These isolates were very widespread, being represented in almost half (48%) of the nursing homes included in this study. Twenty-five (32%) isolates from nine nursing homes were related to USA300. Furthermore, application of spa typing results from a previous study (31) along with our susceptibility data enabled us to determine that 11% (24/221) of the isolates that were spa type t008 (the type commonly associated with USA300) exhibited HLMR. Five (6%) isolates from a single facility were related to USA500, and one isolate was not related to any USA type strain or to any of the other isolates with HLMR in this study.
In the bivariate analysis, carriage of MRSA with HLMR in the nares was associated with residing in a facility with a high RUG score, a high ADL score (indicating more dependence upon caregivers), or a higher percentage of residents with indwelling devices (P Ͻ 0.1) (Table 4) . Also, residents harboring high-level mupirocin-resistant MRSA were 3-fold more likely to have a history of MRSA. When analyzing practices performed at partner hospitals, carriage of high-level mupirocin-resistant MRSA was not associated with the percentage of physicians who routinely decolonized patients, the percentage of MRSA-positive patients routinely decolonized, or whether mupirocin was used for decolonization. Additionally, none of the nursing homes routinely decolonized residents that were colonized with MRSA.
In the multivariate model, residents colonized with a high-level mupirocin-resistant strain were more likely to have a history of MRSA (OR, 2.43; P Ͻ 0.001), to have a multidrug-resistant strain (OR, 2.69; P ϭ 0.004), and to reside in a nursing home with an elevated average ADL score (OR, 1.2; P ϭ 0.004) ( Table 5 ). In our model, average ADL score was interchangeable with the percentage of residents with an indwelling device.
When examining the four nursing homes that were also psychiatric facilities, none of the facilities had a resident harboring a MRSA strain that carried the qacA and/or qacB gene or a strain that exhibited mupirocin resistance. Furthermore, the medians for most characteristics did not substantially differ after excluding the four psychiatric nursing homes ( Table 1 ). The two characteristics that changed slightly were the median annual admissions (262 to 300) and the percentage of facility residents older than 85 years (25 to 39%).
DISCUSSION
Nursing homes may be at high risk for harboring MRSA strains resistant to topical agents, since their residents have high rates of c The ADL score ranges from 0 (completely independent) to 28 (completely dependent) and is expressed per 1 point increase. The reported average ADL score is the average score among all residents of one facility. The ADL score was colinear with the presence of indwelling devices.
antimicrobial exposure. However, knowledge about the epidemiology of resistance to these topical agents is limited. The goal of this study was to examine chlorhexidine and mupirocin resistance among MRSA carriers residing in nursing homes in Orange County, CA, and to assess factors associated with mupirocin resistance. We found that fewer than 1% of the MRSA isolates carried the putative chlorhexidine resistance genes qacA and/or qacB, and none had chlorhexidine MICs that were Ͼ4 g/ml. Other health care facilities have reported a higher prevalence of qacA and/or qacB in MRSA isolates. Lee et al. identified qacA and/or qacB in 91% of the MRSA isolates from patients who had failed decolonization (18) . The rarity of the qacA and/or qacB gene loci in our large collection of nursing home MRSA isolates is of interest, given the common use of chlorhexidine for preoperative bathing, as well as body surface antisepsis prior to placement of central lines or surgical incisions. At least one affiliated hospital was using it for daily bathing in the intensive care unit setting.
In contrast, mupirocin resistance was common among MRSA isolates from these nursing home patients. The majority of mupirocin-resistant isolates (over three-fourths) exhibited high-level mupirocin resistance, which has been associated with decolonization failure (32, 33) . Although the overall mean rate was 9%, substantial variability across nursing homes was noted, and very high rates (Ͼ20%) were not uncommon.
These rates are substantially higher than previously reported from nationwide surveillance programs in the United States. Recent U.S. data from Richter and colleagues, who collected and tested 2,247 MRSA isolates from 43 centers nationwide, found HLMR in only 2.9%, while the Centers for Disease Control and Prevention recently reported national surveillance data from 823 USA300 MRSA strains that indicated 2.7% were HLMR (20, 34) . Our PFGE results demonstrated heterogeneity among the strains exhibiting HLMR, as might be expected for a resistance gene, mupA, which is usually plasmid mediated (14) . Strains demonstrating HLMR were found among USA100, USA300, and USA500 strains, which were the most common USA types found in this population. However, our rate of HLMR was obviously substantially higher than in prior surveys, especially when focused on strains associated with USA300. USA300 strains with HLMR accounted for Ͼ3% of all the MRSA in this study and approximately one-third of all the high-level mupirocin-resistant MRSA. Additionally, 11% of the isolates that were spa type t008 exhibited HLMR.
When examining chlorhexidine and mupirocin resistance together, none of the isolates in our study harbored qacA and/or qacB and displayed HLMR. However, two isolates from one nursing home harbored the qacA gene and had LLMR. Lee et al. reported the presence of qacA and/or qacB and resistance to mupirocin in approximately 63% of the MRSA isolates from patients who had failed decolonization (18) . They also reported a higher decolonization failure rate in patients carrying a MRSA strain with qacA and/or qacB in conjunction with LLMR. None of the nursing homes was routinely using chlorhexidine for resident bathing or mupirocin for nasal decolonization. Affiliation with hospitals that were decolonizing patients with mupirocin was not significantly associated with high-level mupirocin-resistant MRSA colonization.
In our study, a history of MRSA was associated with colonization with a isolate exhibiting HLMR. This may represent the likelihood that MRSA carriers are increasingly being offered decolonization therapy by inpatient or outpatient providers. Although we did not collect individual-level receipt of chlorhexidine and mupirocin, others have reported that mupirocin use within 1 year prior to infection was a significant risk factor for both low-and high-level mupirocin resistance (35) .
High-level mupirocin-resistant MRSA strains were frequently multidrug resistant. This finding may be explained by the fact that the mupA gene is carried on a large conjugative plasmid that may facilitate cotransfer of other resistance determinants (14, 36) . The relationship between HLMR and multidrug resistance has been reported in other studies. Cadilla et al. reported HLMR in 6.8% of the multidrug-resistant MRSA in their study (30) . We did not find any association between HLMR among a nursing home's isolates and decolonization practices at each facility's hospital partner. However, our assessment was ecological, and we restricted our analysis to include only one partner hospital per nursing home. Since nursing homes may exchange patients with multiple hospitals, a more inclusive analysis may be needed to definitively test this association at the population level.
We found that nursing homes with a higher average ADL score, indicating more dependence upon caregivers, were more likely to have residents colonized with high-level mupirocinresistant MRSA. As far as we know, this is the first study to identify an association between higher average ADL scores and carriage of high-level mupirocin-resistant MRSA. This may reflect the fact that residents needing greater assistance may have higher health care worker contact and spend more time in health care facilities. Previous studies have reported an association between colonization with MRSA or S. aureus and greater reliance upon others to perform ADL (5, 37, 38). Daeschlein et al. found that nursing home residents who needed 3 to 4 h of assistance with daily activities were more likely to carry S. aureus in their nares (37) . Also, Washio et al. reported a relationship between greater ADL dependence and MRSA colonization in elderly Japanese patients admitted to a geriatric hospital (38) . Additionally, March et al. identified physical disability to be a risk factor for colonization with MRSA in nursing home residents in Italy (5). Our study also found a correlation between a more dependent ADL score and patients having an indwelling device. Additional studies are needed to determine if this reflects a higher likelihood of providers to offer decolonization to those with devices or those with a greater dependency on the health care system. Regardless, monitoring of rising resistance in this important patient population is needed.
In summary, chlorhexidine resistance was not commonly found in MRSA isolates from nursing homes, but mupirocin resistance rates were higher in nursing homes than previously found in the community and from acute care facilities and varied substantially across facilities. Importantly, in contrast to other studies which have found a predominance of LLMR, we found that nearly all mupirocin-resistant isolates exhibited HLMR. These elevated HLMR rates in nursing homes are concerning and suggest that emerging resistance will be a barrier to prevention programs that include widespread use of mupirocin. Additional information regarding mupirocin use practices will help to better understand the high rates and wide variability of mupirocin resistance across these nursing homes.
